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(54) Hydraulic accumulator vent and method for making the same

(57) A hydraulic accumulator assembly for a hy-
draulic brake system. The accumulator assembly in-
cludes a pump housing (14) having therein at least one
accumulator bore (42). The accumulator bore (42) has
an axis and an inner wall (50). A piston (62) is movable
within the accumulator bore (42) and divides the accu-
mulator bore (42) into an accumulator chamber (66),
which is communicable with the hydraulic brake system,
and a spring chamber (70). There is a spring (102) in

the spring chamber (70) for biasing the piston (62) in the
direction of the accumulator chamber (66). A passage-
way (114) in the pump housing (14) is closely spaced
from the inner wall (50) so as to form a relatively thin
wall thickness between the passageway (114) and the
inner wall (50). A vent bore (118) is punched in the inner
wall (50) and communicates between the spring cham-
ber (70) and the passageway (114). The vent bore (118)
is punched in a direction away from the axis.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to hydraulic accumula-
tors and more specifically to methods of venting hydrau-
lic accumulators.

BACKGROUND OF THE INVENTION

[0002] It is known to utilize hydraulic accumulators in
conjunction with hydraulic brake systems equipped with
an antilock system or a traction control system. The hy-
draulic accumulators temporarily receive excess brake
fluid from wheel-mounted brake cylinders in order to re-
duce the pressure in the brake cylinders in a sufficiently
rapid manner. The brake fluid is later withdrawn from the
accumulator as needed.
[0003] Accumulators of this type may be sealed from
the environment, trapping a volume of air inside the
spring chamber or behind the accumulator piston. It is
often advantageous to vent the accumulator so that
trapped air does not affect the performance. Venting the
trapped air to a larger air volume relieves the high air
pressures in the accumulator that could adversely affect
the function of the accumulator.
[0004] U.S. Patent No. 4,769,990 to Bach et al. illus-
trates a combination accumulator and variable volume
sump for use in a vehicle antilock brake system. The
accumulator includes a piston with a reduced diameter
section in communication with a vent, which in turn com-
municates with the atmosphere. Air in the system is dis-
placed via the vent.

SUMMARY OF THE INVENTION

[0005] Vented accumulators present several practical
problems. Vents are typically formed by drilling through
the housing and directly into the accumulator bore. The
drilling process leaves raised burrs on the inside wall of
the accumulator that snag on and damage the piston
and/or its sealing member (i.e., an O-ring) as it is insert-
ed into the accumulator bore during assembly. This
damage is difficult, if not impossible, to detect in a sealed
accumulator.
[0006] Furthermore, the raised burr may hinder the
piston stroke during operation of the accumulator, caus-
ing further damage to the piston and/or its sealing mem-
ber, as well as potentially impairing the operation of the
hydraulic braking system. To remedy any hindrance cre-
ated during operational movement of the piston, the pis-
ton must often be designed to include a reduced diam-
eter portion over the range where direct contact would
otherwise be experienced. This may require extra ma-
chining operations and/or difficult injection molding
techniques.
[0007] Attempts to eliminate the inevitably produced
burrs have resulted in intricate and time consuming de-

burring processes. The de-burring processes are com-
plicated by the size and shape constraints of the accu-
mulator bore. Finding the proper equipment to fit inside
the accumulator bore, in addition to finding an operator
who can adequately remove the burr from the cylindri-
cally toleranced wall without leaving edges or ridges that
will pose the same problems as the burr itself, has prov-
en difficult.
[0008] Another practical problem with drilling the
vents directly into the accumulator bore arises in light of
the need to minimize the cross-sectional area of inter-
section between the accumulator wall and the vent hole.
It is often necessary, due to the configuration of the
housing and various other components, to drill at least
one common passageway that is shared by distinct vent
bores, thereby connecting the common passageway to
individual accumulators. The distinct vent bores must be
drilled to intersect the common passageway and then
intersect the accumulator bore perpendicularly. This of-
ten requires multiple drilling operations as well as the
need to close off the distinct vent bores after the con-
nections have been made. This technique is time-con-
suming and burdensome.
[0009] The present invention alleviates the above-
identified problems with venting hydraulic accumula-
tors. The invention provides an accumulator having a
vent that poses virtually no risk of damage to the piston
or the piston sealing member and presents virtually no
obstacles to the successful operation of the accumulator
and the braking system as a whole. The vent is fast and
easy to construct with minimal operational steps and no
complex tooling or techniques.
[0010] Specifically, the invention provides a hydraulic
accumulator assembly including a pump housing having
therein at least one accumulator bore. The accumulator
bore has an axis and an inner wall. A piston is movable
within the accumulator bore and divides the accumula-
tor bore into an accumulator chamber, which is commu-
nicable with the hydraulic brake system, and a spring
chamber. A spring in the spring chamber biases the pis-
ton in the direction of the accumulator chamber. A pas-
sageway in the pump housing is closely spaced from
the inner wall so as to form a relatively thin wall thickness
between the passageway and the inner wall. A vent bore
is punched in the inner wall and communicates between
the spring chamber and the passageway. The vent bore
is punched in a direction away from the axis.
[0011] In one embodiment, the relatively thin wall
thickness between the passageway and the inner wall
is approximately 0.5 mm. In another embodiment, the
vent bore is formed by a punching stroke substantially
perpendicular to the axis.
[0012] Other features and advantages of the inven-
tion will become apparent to those skilled in the art upon
review of the following detailed description, claims, and
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a partially cut-away view of a hydraulic ac-
cumulator assembly embodying the invention.
FIG. 2 is a view taken along line 2--2 in FIG. 1.
FIG. 3 is an enlarged view illustrating the punching
stroke used to vent the accumulator.

[0014] Before one embodiment of the invention is ex-
plained in detail, it is to be understood that the invention
is not limited in its application to the details of construc-
tion and the arrangements of the components set forth
in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of
being practiced or being carried out in various ways. Al-
so, it is understood that the phraseology and terminolo-
gy used herein is for the purpose of description and
should not be regarded as limiting. The use of "includ-
ing" and "comprising" and variations thereof herein is
meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0015] A hydraulic accumulator 10 embodying the in-
vention is shown in the drawings. As seen in FIG. 1, the
accumulator 10 is located in a sealed pump housing 14.
The pump housing 14 is hermetically mounted to a mo-
tor 18 and an ECU (not shown). The accumulator 10 and
pump housing 14 communicate with the rest of the hy-
draulic brake system (not shown) of the vehicle (not
shown).
[0016] As shown in FIGS. 1 and 2, the pump housing
14 has a bottom surface 22 and a rear surface 34. When
the pump housing 14 is mounted to the motor 18, the
rear surface 34 is adjacent to the motor 18 as will be
described below. The pump housing 14 can be made
from aluminum, steel or any other suitable material.
[0017] At least one (see FIGS. 1 and 2) accumulator
bore 42 is located in the pump housing 14. The accu-
mulator bore 42 is open along the bottom surface 22
and has an axis 46, an inner wall 50 and an end wall 54.
The inner wall 50 is preferably cylindrical, but this need
not be the case. The inner wall 50 could be polygonal
or elliptical. The end wall 54 includes at least one, and
preferably two (only one is shown) openings 58 that pro-
vide communication between the accumulator bore 42
and the remainder of the hydraulic brake system (not
shown). The openings 58 allow hydraulic brake fluid (not
shown) to enter and exit the accumulator bore 42 as will
be further described below.
[0018] As seen in FIG. 2, a piston 62 is movable in the
accumulator bore 42 and divides the accumulator bore
42 into an accumulator chamber 66 (above the piston
in FIG. 2) and a spring chamber 70 (below the piston in

FIG. 2). The accumulator chamber 66 communicates
with the openings 58 and accumulates excess hydraulic
brake fluid (not shown). The piston 62 is preferably
made from plastic and can be injection molded to in-
clude a sidewall 74, an end wall 78, a spring receiving
recess 82 and a groove 86 housing a sealing member
or O-ring 90. The sealing member 90 substantially pre-
vents brake fluid from entering the spring chamber 70
between the piston sidewall 74 and the accumulator
bore inner wall 50. As will be emphasized below, the in-
tegrity of the sealing member 90 is crucial to the smooth
operation of the accumulator 10. It is important to note
that the piston 62 could be made of any other suitable
material such as metal or rubber, and that the sealing
member 90 could be integral with the piston 62 (i.e., in
the case of a rubber piston).
[0019] A cover 94 is mounted over the open end of
the accumulator bore 42. In the illustrated embodiment,
the cover 94 has an annular rib or projection 98 that fits
into a recess or groove 100 in the inner wall 50 of the
accumulator bore 42. To seal the accumulator bore 42
from the environment, material can be staked over the
cover as is commonly known. After staking, the seal be-
tween the cover 94 and the accumulator bore 42 is sub-
stantially air-tight to keep dirt, dust and other impurities
out of the accumulator 10. It is important to note that any
sealing method known in the art can be substituted for
the staking method described above. The cover has an
inner surface 106 and is preferably made from plastic,
metal or rubber.
[0020] A compression spring 102 is located in the
spring chamber 70. One end of spring 102 is received
in the spring receiving recess 82 of the piston 62. The
other end of the spring 102 engages the inner surface
106 of the cover 94. The spring 102 biases the piston
62 in the direction of the accumulator chamber 66 (up-
ward in FIG. 2). When no brake fluid is present in the
accumulator chamber 66, the piston end wall 78 abuts
the accumulator bore end wall 54. When brake fluid en-
ters the accumulator chamber 66 through opening 58,
the brake fluid applies pressure to the piston end wall
78 and thereby compresses the spring 102 and moves
the piston 62 in the direction of the spring chamber 70
(downward in FIG. 2). Brake fluid enters the accumula-
tor chamber 66 until the force exerted on the piston 62
by the pressure of the fluid in the hydraulic braking sys-
tem is equal to the force exerted on the piston 62 by the
spring 102. The brake fluid remains in the accumulator
chamber 66 until the force exerted by the spring 102 is
greater than the force of the fluid on the piston 62, at
which point fluid exits the accumulator chamber 66
through opening 58, allowing the piston 62 to move in
the direction of the accumulator chamber 66. It is critical
that the sealing member 90 substantially prevents fluid
from entering the spring chamber 70. If fluid were al-
lowed to pass into the spring chamber 70, the delicate
pressure balance in the accumulator 10 would be lost.
Furthermore, fluid build-up in the spring chamber 70
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would create a deficiency in fluid that is needed in the
braking system to aid in stopping the vehicle (not
shown).
[0021] Since the sealing member 90 and the cover 94
effectively seal the air volume in the spring chamber 70
from the environment, it is often desirable or necessary
to vent the spring chamber 70 to a larger air volume to
prevent build-up of high air pressures that would ad-
versely affect the function of the accumulator 10. To
achieve the necessary venting, a passageway 114 is
drilled in the pump housing 14 from the rear surface 34.
As seen in FIGS. 2 and 3, the passageway 114 is closely
spaced from the accumulator bore inner wall 50 so as
to form a relatively thin wall thickness T between the
passageway 114 and the inner wall 50. In the preferred
embodiment, the wall thickness T is approximately 0.5
mm. The angle of drilling and size of the hole for the
passageway 114 are not critical as long as the commu-
nication between the vent bore 118 and the motor 18 is
achieved and the passageway 114 does not break into
the accumulator bore 42. Alternatively, if it were desired
to vent the accumulator bore 42 to the ECU (not shown)
or directly to the atmosphere, instead of, or in addition
to the motor 18, the passageway 114 could be drilled
from any suitable exterior surface on the pump housing
14.
[0022] A vent bore 118 is formed in the inner wall 50
to allow communication between the spring chamber 70
and the passageway 114. The vent bore 118 is formed
in such a way as to allow the piston 62 and the sealing
member 90 to pass over the vent bore 118 substantially
without interference. As used herein, "substantially with-
out interference" means that substantially no burrs, edg-
es or other abnormalities associated with the vent bore
118 interfere with the movement or integrity of the piston
62 or sealing member 90 in any way during assembly
or operation of the accumulator 10. No costly deburring
processes are required. Furthermore, no modifications
to the piston 62 or sealing member 90 need to be made
to avoid substantial interference.
[0023] In the preferred embodiment, the vent bore 118
is formed (see FIG. 3) using a punch 122. The punch
122 is made from a suitable metal and includes body
portion 126, transition portion 128 and a punching por-
tion 130. In the illustrated embodiment, the punching
portion 130 is substantially cylindrical, but this need not
be the case. The transition portion 128 transitions from
the punching portion 130 into the body portion 126 with
a radius R. The punch 122 moves radially outward rel-
ative to the bore 42 to form the vent bore 118. In other
words, the punching stroke is in a direction away from
the axis 46 of the accumulator bore 42. The punch 122
is placed at least partially inside the accumulator bore
42 and the punching stroke causes the punching portion
130 to enter the inner wall 50 until the punching portion
130 intersects the passageway 114.
[0024] Since the punching stroke moves away from
the axis 46, the punching portion 130 and transition por-

tion 128 enter the inner wall 50 without causing the for-
mation of any burrs, edges or other abnormalities that
would extend from the inner wall 50 in a direction toward
the axis 46. More specifically, the radius R of the tran-
sition portion 128 acts to coin or emboss the vent bore
118 during the punching process, producing a slight re-
cess in the inner wall 50 where the vent bore 118 is lo-
cated. Thus, the piston 62 can be inserted into the ac-
cumulator bore 42 without fear that the piston 62 or the
sealing member 90 may be damaged while passing over
the vent bore 118. Likewise, there is substantially no risk
of damage to the piston 62 or sealing member 90 during
operation of the accumulator 10.
[0025] The punching stroke may be accomplished
manually or automatically, and as such, the relatively
thin wall thickness T may be any thickness that permits
the punching stroke to create a vent bore 118 that com-
municates with the passageway 114. The punching por-
tion 130 may be any size and any shape suitable to pro-
vide an adequately sized vent bore 118. To accurately
achieve the proper size and shape vent bore 118, it is
preferred that the punching stroke be substantially per-
pendicular to the axis 46. Furthermore, the substantially
perpendicular punching stroke helps insure that no
burrs, edges or other abnormalities are created around
the vent bore 118.
[0026] The piston 62 may be inserted into the accu-
mulator bore 42 after punching the bore 118, or alterna-
tively, the piston 62 may be inserted into the accumula-
tor bore 42 prior to punching the vent bore 118. Unlike
the common method of drilling the vent bore 118 through
the pump housing 14 and into the accumulator bore 42,
punching the vent bore 118 from inside the accumulator
bore 42 eliminates the risk of drilling into a pre-installed
piston 62 and provides another option for the order of
assembly. With the vent bore 118 punched, air from the
spring chamber 70 can be vented through the vent bore
118, into the passageway 114 and into a larger air vol-
ume in the motor 18. The venting is achieved in a simple
and inexpensive manner.
[0027] When more than one accumulator bore 42 is
present in the pump housing 14, each accumulator bore
42 may be vented in the manner described above. Al-
ternatively, if two accumulator bores 42 are close
enough together, one common passageway 114 may be
used to vent both accumulator bores 42. If the passage-
way 114 is close enough to both accumulator bores 42,
two distinct vent bores 118 could be punched such that
both vent bores 118 intersect the common passageway
114 on substantially opposite sides. This would further
reduce the machining time and cost needed to vent the
accumulators 10.
[0028] Various features of the invention are set forth
in the following claims.
[0029] The reader's attention is directed to all papers
and documents which are filed concurrently with or pre-
vious to this specification in connection with this appli-
cation and which are open to public inspection with this
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specification, and the contents of all such papers and
documents are incorporated herein by reference.
[0030] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.
[0031] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings), may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0032] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extend to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-
od or process so disclosed.

Claims

1. A hydraulic accumulator assembly for a hydraulic
brake system, the accumulator assembly compris-
ing:

a pump housing having therein at least one ac-
cumulator bore, said accumulator bore having
an inner wall;
a piston movable within said accumulator bore,
said piston dividing said accumulator bore into
an accumulator chamber and a spring cham-
ber, said accumulator chamber being commu-
nicable with the hydraulic brake system;
a spring in said spring chamber for biasing said
piston in the direction of said accumulator
chamber; and
a vent bore communicating with said spring
chamber, said vent bore intersecting said inner
wall and being formed in a way that allows said
piston to pass over said vent bore substantially
without interference.

2. The hydraulic accumulator assembly of claim 1,
wherein said inner wall is substantially cylindrical.

3. The hydraulic accumulator assembly of claim 1, fur-
ther comprising a cover over said accumulator bore
for sealing said bore from the environment.

4. The hydraulic accumulator assembly of claim 1, fur-
ther comprising a passageway in said pump hous-
ing and closely spaced from said inner wall so as to
form a relatively thin wall thickness between said

passageway and said inner wall, and wherein said
vent bore communicates with said passageway.

5. The hydraulic accumulator assembly of claim 4,
wherein said relatively thin wall thickness is approx-
imately 0.5 mm.

6. The hydraulic accumulator assembly of claim 4,
wherein said vent bore is formed by a punching
stroke.

7. The hydraulic accumulator assembly of claim 6,
wherein said accumulator bore has an axis, and
said vent bore is formed by a punching stroke in a
direction away from said axis.

8. The hydraulic accumulator assembly of claim 7,
wherein said punching stroke is substantially per-
pendicular to said axis.

9. The hydraulic accumulator assembly of claim 1,
wherein said accumulator bore further includes an
end wall.

10. The hydraulic accumulator assembly of claim 9,
wherein said end wall includes an opening commu-
nicable with the hydraulic brake system.

11. A hydraulic accumulator assembly for a hydraulic
brake system, the accumulator assembly compris-
ing:

a pump housing having therein at least one ac-
cumulator bore, said accumulator bore having
an axis and an inner wall;
a piston movable within said accumulator bore,
said piston dividing said accumulator bore into
an accumulator chamber and a spring cham-
ber, said accumulator chamber being commu-
nicable with the hydraulic brake system;
a spring in said spring chamber for biasing said
piston in the direction of said accumulator
chamber;
a passageway in said pump housing and close-
ly spaced from said inner wall so as to form a
relatively thin wall thickness between said pas-
sageway and said inner wall; and
a vent bore which is punched in said inner wall
and which communicates between said spring
chamber and said passageway, said vent bore
being punched in a direction away from said ax-
is.

12. The hydraulic accumulator assembly of claim 11,
wherein said relatively thin wall thickness is approx-
imately 0.5 mm.

13. The hydraulic accumulator assembly of claim 11,
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wherein said vent bore is formed by a punching
stroke substantially perpendicular to said axis.

14. The hydraulic accumulator assembly of claim 11,
further comprising a cover over said accumulator
bore for sealing said bore from the environment.

15. The hydraulic accumulator assembly of claim 11,
wherein said accumulator bore further includes an
end wall.

16. The hydraulic accumulator assembly of claim 15,
wherein said end wall includes an opening commu-
nicable with the hydraulic brake system.

17. A method of venting a hydraulic accumulator for a
hydraulic braking system having a pump housing
and an accumulator bore in the pump housing, the
accumulator bore having an axis, an inner wall and
an end wall, the end wall having an opening com-
municating with the hydraulic brake system, the
method comprising:

forming a passageway in the pump housing,
the passageway being closely spaced from the
inner wall so as to form a relatively thin wall
thickness between said passageway and the
inner wall; and
punching a vent bore in the inner wall such that
said vent bore communicates between the ac-
cumulator bore and said passageway, said vent
bore being punched in a direction away from
the axis.

18. The method of claim 17, wherein said forming a
passageway further includes locating said pas-
sageway such that said relatively thin wall thickness
is approximately 0.5 mm.

19. The method of claim 17, wherein said punching a
vent bore further includes utilizing a punching
stroke substantially perpendicular to the axis.

20. The method of claim 17, wherein the hydraulic ac-
cumulator further includes a piston movable within
the accumulator bore, and wherein said vent bore
is punched such that the piston can pass over said
punched vent bore substantially without interfer-
ence.

9 10



EP 1 158 179 A1

7



EP 1 158 179 A1

8



EP 1 158 179 A1

9


	bibliography
	description
	claims
	drawings
	search report

